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REDUCTION OF HINGE MOMENTS OF AIRPLANE

CONTROL SURFACES BY TABS

By THOMASA. HARRIE

SUMMARY

An inveatigaiion was conducted in -& N. A. C. A.
7- by 10~oot wind tunnel of conirol surjaxe equipped
with tabsfor reduci~ the controlforces or trimming the
aircraft. Two eims of ordinary ail.crow wiih .eevend
&2e8of attachedand iwet tabs we tedxl on a (?hrk Y
wing. Tab8 were &o tested ‘in combination &h aux-
WzqI lmlunce8of the horn and paddle iypw, and with a
Wee baLad aileron. A tai-1-eu~aa model of sym-
nwtrical section, equipped with tubs, was tested with ..@
percent oj the area movable (elevaior) when wed as a
horizontaltail and 60 percent of the areamovable(rudder)
when wed as a vertical tai?. The hu-$span tat.1-wmjace
modelwaateded with and without a reelectionplune.

Qomplete detded rewdte of th te8ts are talndu.tedin
8tandardnandinw~”ond coejiciad Jorm. The aileron
te8t data are dkumed for one aileron mouemerdand
graph of controlforce againatroiling-momd coe@+3nt
are included. @.rve8 shom”ng the e$ect oj the tab8 ax
trimming or CM8ervo-controldevicee are given. For tlw
tad eurfacee, the e$ectwenees of tab8 in red?mi?q th8
control force and in trimming and 8emo ~paration b
d&mu88edad$gure8 are included.

5%3eJec4oj angulurvelocMe8on the application of th.a
data to complete airphznes ti cmsidered and also the
e~ect oj the difertmce in the wind-tunnel tat set-upjrom
tlw actuu.1arrangementon an airplane.

The re8?dt8of the te8t8indicated thai iruwttabs were
euperior to dhr.chedtabsjor the 8amaratio of tab/c&rol-
eurjace deflection. The greate8t reduction in control
force occurred a# 0° angle of attack. The tab8 could
be ueed w.tiejactorily m trimming ti and ul.eo to
reduce the controljorce for control moment8 m .?urgeas
tho8eordinarily obtained by dq?ecting the control eurjace
16° or /488. T/lareduction of hinge moment8 due to
tab8could be-addeddirectly to the reduction due to paalile,
horn, or Fri8e types of balance. An&x of yaw up to
2?0°hud no appreciable e~ect on the reduction of hinge
momen48due to tabs.

INTRODUCTION

I?or large airplanes, designershave found it necessary
to provide some means of balancing the excessive

aerodynamic forma on the control surfacea. Aero-
dynamic “methods of balance such as horns, paddles,
and inset-hinge arrangements have been used to a
considerable extent. A mechanical device is not
desirable because the hinge moment varies with the
speed of the airplape; whereas balancing force is
independent of speed.

In recent designs, auxiliary airfoils attached to the
control surfaces have been used for balance and also
for .tzumning the airplane. This type of aerodpwnic
balance is a development of the “Flettner rudder,”
which has been in use for a number of years on large
vessels. Such an auxilimy airfoil has been refereed
to in this paper as a “tab” and may be inset, attached,
or mounted on outriggem from the trailing edge of
the control surface. The tabs, when linked, move in
the opposite direction to that of the control surface
and thereby decrease the hinge moment for a given
deflection of the control surface. Various arrange-
ments of inset tabs are shown in iigure 1. When the
tab is used to actuate the conlxol surface, it is referred
to as a “servo-control tab.”

In reference 1 the theoretical expressions for the
hinge moment about any hinge position have been
deduced for flaps on a rectangular airfoil of iinite span
and applied to an airfoil fitted with a servo+perated
flap. The theoretical discussion by Kirste (reference
2) also includes complete tests of a symmetrical rec-
tangular airfoil with a flap and a tab.

The results of wind-tunnel tests of rLtab attached
to the aileron are reported in reference 3. Calcula-
tions based on airfoil theory have been made, in refer-
ences 4 and 5, for the tab deflections required to hold
the rudder over for different combinations of tab and
rudder settings. The results of these calculations
were checked by viind-tunnel testi (reference 6) as
well as in ilight (reference 7).

A more recent series of tests (reference 8) covers
several attached-tab arrangements on a symmetrical
rectangular wing with a flap. These teats were made
with both ordinary and balanced flaps.

The data presented in the present report are the
remdt of a systematic series of wind-tunnel tests of a
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commordy used wing proiile with several arrangements
of tierons and tabs, alone and in conjunction with
OthW types of balance. The tests were d.so extended
to include a tail surface of assumed average propor-
tions with several different tabs. Although the tests
do not include all possible tab arrangements, it is
hoped that the data are sticienttly genaral to fulfill
most design requirements.

MODELS AND APPARATUS

WLNGAIIJIRONARRANGEMENTS

The models used for the aileron balance tests were
rectangular 10- by 60-inch laminated mahogany wings

T6 Hmming fxmfrd
CWf@lable irim~ingfab

Balcmcl’gfob

Balam-kq d con~lloble frimming iob

70 Ctmh-dstick
Serw -Ccnltrolfob

FIGUREl.—Dkram showing varformtab llnkaw systems.

of Clark Y section constructed to the specified ordi-
nates with a precision of +0.005 iuch. The right-hand
wing tip of each wing model was equipped with a con-
ventional aileron to which the various tabs were fitted.
Two sizes of ailerons were tested, one being of 40
percent wing chord by 30 percent wing semispan and
referred to as the “short wide aileron”; the other
being of 25 percent wing chord by 40 percent wing
semispan called the “medium-size aileron.” Each
aileron was mounted on a different wing.

Attaohed tabs.-The short wide aileron with
attied tabs is shown in iigure 2. In the following
table the various attached tab arrangements are listed:

COMMITTEE FOR AERONAUTICS

Tab ohord Tab w Span dwlgnotlon I
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Whera CA istlm chordand bAtim6P Ofthe ahron.

“Outboard” refem to outboard end of tab flush with
utboard end of aileron, “center” refers to tab s.ym-
letrically located with respect to aileron span, and
inboard” refers to inboard end of tab flush with
]board end of aileron.
The attached tabs were constructed of %,-inch flat

ieel and were screwed to a brass trailing-edge piece
f the aileron so that when neutral the lower surface of
le tab was flush with the lower surface of the aileron.
‘he angle of the tab was adjusted by bending about
le tmiling edge of the aileron and all openings between
Lband aileron were sealed with plasticize.
Inset tabs.-The short wide aileron is shown

~uipped with inset tabs in fi@re 3. In the following
~blethe various inset tab arrangements am listed:

yy~,;: ‘

h— ----------------------------
I&.—....----....................

L----------------------------
m

1 I J

Outboard, center, and inboard have the same mean-
gas for the attached tabs. The brass inset tabs were
;tached to the main part of the aileron by soft wire
ns that could be bent to obtain the desired tab
flections.
The medium-size aileron (fig. 4) was tested with a
,b extending along the entire span of the aileron and
ith a chord 10 percent of the aileron chord. The
leron was constructed of wood with a brass trailing
[ge to which the brass tab waa secured in a manner
milarto that used for the inset tabs on the short wide
leron. For all tests the space between the tab and
Ieron was sealed with plasticize.
Combination balanoes.-Additional tests were made
; the request of the Bureau of Aeronrmtica, Navy
epartment, of the short wide aileron and a center
set tab 20 percent of the aileron chord wide and
df of the aileron span long in combination with two
zes of paddles. The patkllea were 18.76 and 27.6
ircent of the aileron chord wide and 44.6 percent of
Leaileron span long and were located symmetrically
ith respect to the aileron span (fig. 5). The durcdu-
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0012 proiile and were.
supported in the positions spec%ed with J$g-inch
sheet steel end brackets.

On this same aileron a horn was attached for addi-
tional teats. The aileion was faired to a symmetrical
section in the horn, the principal dimensions of which
me shown in iigure 6. The plan of the horn was made
to conform to the shape suggested by the Bureau of
Aoronauticsj Navy Department, the leading-edge
portion being half of an ellipse. The horn was con-
structed of laminated mahogany and was fair to the
same precision as the remainder of the model.

The short wide aileron was also tested with a
modified Rise type of bahnce and a tab (fig. 7).
The nose shape of the aileron was obtained from a
study of available I?rise aileron data and was made
similar to the Frise aileron of reference 9 with a raised
nose. This type of Frise balance gives slightly less
balance for low deflections, where overbalance usually
occurs, but gives about the same balance as the
ordinary Rise aileron at the high deflections. The
mahogany nosepiece wcs attached to the leading
edge of the ordinnry ailaron by screws and a suitable
cut-out was made in the wing to provide clearance.
(seefig.7.)

TAILSURFACE ARRANGEMz~

The tail-surface model umd in these tests is shown
in figure 8. The model of laminated mahogany had
an N. A. C. A. 0006 profile faired to about a %--inch
radius at the tip and was constructed to a precision
of +0.005 inch. The plan form of the model was
designed to be an average of either a half-span hori-
zontal or a full-span vertical tail. The span of the
model was 30 inches and the average chord 20 inches,
giving an ~qpect ratio of 1.5. As a horizontal tail,
a portion of the model was hinged along the elevator
ask shown in the figure. This arrangement gave au
elevator area 40 percent of the total tail area. The
inset tabs of different chord len@hs were made with
a span equal to the span of the straight trailing-edge
portion of the elevator. The tab chords tested were
6, 10, and 20 percent of the maximum elevator chord.
The tabs were made from the trailing-edge portion of
the elevator and were secured to the main part of the
elevator by soft wire pins that could be bent to give
the desired tab deflections. As a vertical tail, 60
percent of the area of the model was hinged along the
rudder axis as shown in figure 8. Only one tab was
used; it had the same span as the alevator tab and a
chord 20 percent of the maximum rudder chord. In
all cams the gap betwecm the tab and the tail surface
was sealed with plnsticine.

~ TUNNBLANDBALANCES

The N. A. C. A. 7- by 10-foot wind tunnel in
which these tests were made has an open jet and a
closed return pnasage. The tunnel and regular six-

component balance are described in detail in reference
10. On this balance the six components of aerody-
namic forces and moments are independently and
simultaneously measured with respect to the wind axes
of the model.

In order to measure the hinge moments simulta-
neously with the other forces and moments a special
hinge-momont balance of the pressure-cell type was
used. A diagrammatic drawing of this balnnce is
shown in @me 9. The balance consists of n simple
beam supported on an axle in plain bearings and
attached to a rubber diaphragm. The space under the
diaphragm is connected in parallel with a U-tube and
n controllable air-pressure supply. The beam moves
between electrical contacts coupled to neon lamps.
The beam is balanced by adjust@ the air pressure
until neither lamp is lighted or until they blink alter-
nately. The pressureis thenread on the U-tubej which
has been previously calibrated in terms of hinge
moments. A spring is incorporated for adjusting the
zero reading of the balance and a dashpot is used to
damp vibrations. The bsh.nce was entirely enclosed
in the wing and so mounted that the aileron and brd-
ance axes coincided, the ajleron being attacled directly

FIQCmE9.—Dlegm.mof Mngsmoment balance.

to the balance axle. The leads to the contacts nnd
the pressure tube and also a tube for obtaining ‘the
static pressure in the balance recess were brought out
through the center of the wing and down the modol
support to the indicator panel. The static-pressuro
tube was comected to the static side of the U-tube.
A vibrator was mounted on the balance frame to
overcome static fiction in the system.

In order to use the regular six-component balance
for measuring the hinge moments on the tail surfQce9,
the movable part of the tail was so mounted on the
regular model support that the hinge axis was coin-
cident with the lateral axis of the balance. The iixed
part of the tail was pivoted to the movable part along
the same axis and was supported in front by an adjust-
able tube attached directly to the lift-scale platform.
The angle of attack of the fied tail was changed by
adjusting the length of this tube; whereas the angle of
the movable tail was changed by use of the regular
angle-of-attack mechanism. With this arrangement it
was possible to measure the total lift and drag of tho
model on the lift and drag scales and at the same time
to measure the hinge moment of the movable part of
the tail on the regular pitching-moment scale.
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A reflection plane, which was used in conjunction
with part of the tail-surface tests, was constructed of
%-inch plywood. It extended across the air strem
from top to bottom and from a point 7 inches upstieam
from the lerding edge of the model to 4 feet down-
stream from this point. The gap between the model
and the reflection plane was approximately %Ach.
A telltale light was used to indicate any contact o~
the reflection plane with the model.

TESTS

All tests were made at a dynamic pressure of 16.37
pounds per square foot, corresponding to an ah veloci~
of 80 miles per hour at standard sea-level atmospheric
conditions. Thus, for the wing-aileron tests the aver-
age Reynolds Number was 609,000 and for the tail-
snrface tests it was 1,218,000.

W~-aileron arrangements.-Most of the tests of
the whqg-silemn arrangements were made at 0°, 10°,
15°, and 20° angle of attack and at 0° yaw. I?or the
aileron deflections of 0°, —15°, and —30°, the tab was
deflected 0°, 10°, 20°, 30°, and 40°, and for aileron
deflections of 0°, 15°, and 30°, the tib was deflected 0°,
—lo”, —20°, —30°, and —40°. In the aileron tests
with the paddles, horn, and Rise types of balance the
tab deflections were limited to 0°, + 10°, +20°, and
+ 30° because previous tests had shown that the 40°
deflections gave less reduction in hinge moment than
the 30° deflections. Tests were made on the model
with the Frise aileron at both 0° and 20° yaw to deter-

- mine the effect of yaw on the balance of ailerens with
tabs. It is believed that the foregoing range of aileron
deflections covem the range used on present-day
airplanes. In eveg- me a positive deflection means
that the trailing edge of the deflected surface moved
below its neutral position.

Tail-surface arrangements.-After installation of the
reflection plane in the tunnel, dynamic-pressure snr-
veys were made before the tail-surface model was put
in place and the reference static pressure was recali-
brated for the interference eflects. The reflection
plane was used in all the tests with the horizontal tail
because this arrangement was thought to be more
nearly representative of the majority of prewmtday
tail installations. In these tests the stabilizer angles
aS used were —10°, –5°, 0°, 5°, and 10°. For each
stabilizer angle the elevator was deflected 0°, —10°,
–20°, and –30° hem the stabilizer. The S- and
lo-percentihord tabs were deflected 0°, 10°, 20°, and
30° for each elevator setting and the 20-percen%hord
tab w= also deflected 40” because it was sometimes
more effective at the high deflections.

The vertiwd tail was tested both with and without
the reflection plane in place. The tests were made
with the iin angles +I?of —10°, —5°, 0°, 5°, and 10°.
For each h setting the rudder was deflected 0°, 10°,
20°, and 30° from the iin and for each rudder setting

the tab was”deflected 0°, –10°, –20°, and –30° from
the rudder. A positive deflection is to the left as seen
from the rear.

lZESULTS
WING-AILERONARE.4NGEMENTS

The results of the test9 on the wing-aileron arrange-
ments are given in terms of the following nondimen-
sional coefficients:

Q.=$$

Q.=!i!!i!!

cl,=ro~ moment,~nd &
qbs

. 0,,=+ e moment~aileron axis~C*2b*

where q isdynamic pressure.
S, area of wing (not inchding attached tabs, pad-

dles, or horns).
6, s an of wing (not including horn).

[cd, c ord of aileron (not inclu
9

attached tabs,
horns, or Rise balance area .

bdjspan of aileron (not including horn).

The values of CL,CD,Cr’, and 0.’ are read directly on
the balances and are comparable for the different m-
rangements. It should be noted that, with the hinge-
moment coefficient based on the dimensions of the
aileron to which they apply, comparisons of different
valuea of Ch,for different conditions of any given aile-
ron are valid, but comparisons between hinge-moment
coe5cients for different ailerons cannot be made sim-
ply by comparing values of Cal. If such o comparison
is desired, it will be necessary to recalculate the hinge
moments on the basis of some common dimension,

The completi data are presented in tabular form.
In table I, CL and CD for all the arrangements are
listed. The change in lift and drag caused by the
wttached tabs w= within the experimental accuracy
of the tests. The data for the tests with the paddles,
horn, and Frise aileron have been corrected for one
mrangement on each TV@ tip. The valuea of C{, On’,
md Ch,for the attached tabs on the short wide aileron
we tabulated as follows: The full-span tabs of diflerent
>hordsin table II and the 20 percent cd half-span tab
>t the several locations along the aileron span in
iable III. The corresponding data for the inset tab
m this aileron me given in tables IV and V. The
iata for the medium-size aileron with the 10 percent
:. ffl-span inset tab are given in table VI. In table
VII the cmmwponding data are given for the short
tide aileron with the 20 percent CAhalf-span center
met tab in combination with the paddle, horn, and
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IT’rise types of balance. The data for the Frise aileron
when yawed 20° are also given in table VII. It
should be noted that the rolling- and yawing-moment
coefficients with the ailerons and tabs unreflected are
those due ta yam alone; whereas for the tests in which
they were deflected the moment coefficients ~e due
to tab or aileron.

In order to obtain the results for two ailerons, one
on the right tip and one on the left, it is necessazy ta
clmnge the signs of the data for the down aileron and
add. (See reference 11.) By use of this convention
in summing up the results for two ailerons the signs
will be plus when C/ is in the desired direction and
when On’ aids the roll. The value of 0,, will be plus
when it requires a force to move the stick to obtain
larger aileron deflections and minus when the silerons
me overbalanced.

TAIL-SUEPACE ARRANGEMENTS

The results of the tests on the tail surfaces me given
in the form of the following rmndimetional coeffi-
cient

ON=
normal force

gs,

where S~,total area of tail surface.
Cga,or CEU,average chord of elevator or rudder.

b~ or b~, maximum span of elevator or rudder.

The value of C. was computed horn the tit and drag
coefficients as messured and Chl ma computed from
the pitching-moment scale rea&ngs. The data as
tnbul~ted are for negative tied tail settings with
various plus nnd minus elevator or rudder settings
rmd the corresponding minus and plus tab settings.
The complete data for the various chord tabs on the
elevator are given in table VIII and for the 20 per-
cent CRtab on the rudder both with and without the
reflection plane in table IX.

PRECISION

The coefficients ~., C., and o. are correct to within
&3 percent and coefficients C{ and C%’are,in general,
correct to within +3 percent except at 20° angle of
attack. The value of Ohl is correct to tithin *3
percmt for the ailerons, +5 percent for the elevator,
and +2 percent for the rudder.

DISCUSSION

METHOD OF COMPARING TASS

In a comparison of the results of tests on tabs it is
not sufficient to compare merely the reductions in
hinge moments because tabs not only reduce the
hinge moment but at the ssme time reduce the eflec-
tivenem of the control surface. A criterion for the
comparison of diiferent arrangements of tabs and

control surfrmes should therefore take into account
hinge moment, control deflection, the moment pro-
duced by the control surface, and the air speed. For
the comparisons made herein, the simple criterions
C{ or C~ were chosen for control effectiveness and
C~,6for control force. These criterions do not take
into account changes in air speed but are valid for
making compmisons at any given angle of attack.
Other things being equal, however, the higher the air
speed the higher the conirol force, and vice vema.
The control-force criterion also aswmes that the stick
or rudder bar moves equal amounts for equal values
of C{ or C~, respectively, the linkage between the
stick and control surface being changed accordingly.
Therefore, even though C~,may be reduced consider-
ably, if it is necessary to move the control surface
through a very huge angle, the product O,,i$may be

AileronokMlecfion6A,degrees

FImm 10.—Effwt of @b detlxtfon on mlllng-moment c@330far4. Short wide
afh3r0u 10~t CA f- attncki tab. a=IY.

larger with the tab than without it for the same
C{ or CM.

In order to obtain the curves of control-force
criterion Ck16against Cl’ or CN w used for compari-
sons in this discussion the procedure is as follows:
First, plot either C{ or Cx and C~lagainst 6 for the
various tab settings. This procedure is illustrated in
figures 10 and 11 for the 10 percent CAfull-span
attached tab on the short wide aileron. From these
curves pick off the values of C{ and Ok,for the desired
S&YOn deflections and ratios of &/6~, sum up the
rc+mltsfor the two @lerons, as ,explained previously,
tabulate and compute:

I
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The example given is for an equal up-and-down
aileron movement and for 8T/~.=1.0. The best ratio
of &/& for a given size of tab can be obtained by
m~~ the computations as outlined for several
ratios of 6T/6Aand then plotting Cal64 against C{ and
picking the best r~tio from this plot. In order to
iind the optimum size of tab for a given ratio of
&/6d, the same computations should be made for
several sizes of tabs.

The effectiveness of a tab in trimming the aircraft
or for ccmplete servo operation of the controls may be
determined from data presented as in iiggea 10 and
11. In this case fit find from &me 11 the up-and-
down aileron deflection for zero hinge moment for the
various tab settings and then, for the corresponding
values of aileron and tab deflection, take the values of

Ailerondeflection8A ,degre=

FIGURE Il.—Effect of tab detlectton cm hlngemoment a-30icknL Short wide
aikron. 10percent CAftdl+pn attacbd tab. a.W.

C; (fig.10). For ordinary aileron movements it i9
assumed that the ailerons are so interconnected as to
deflect with the desired di&rential movement.

Figure 11 also shows that for down-aileron deflec-
tions the mtium reduction in hinge-moment coeffi-
cient would occur with the tab deflected up 20°, and
for the up-aileron deflections it is not beneficial tc
deflect the tab down more than 30”. A further analy-
sis of the data in tables I to IX shows that, in general,
the tab cannot be depended upon to give reductions
in hinge momenfi for deflections greater than +20°.

All the comparisons given as applied to ailerons are
for equal up-rmd+iown motion. For the trhming
and servo-control tabs it is also assped that the
ailerons are se interconnected as to move equally up
and down. Similar curves may be drawn for any
desired aileron di.llxentiil motion

COMMITTEE FOE AERONAUTICS

COMPARISON OF ATTACHED AND INSET TAES

The control-force criterion is plottid against rolling-
moment coefficient for the plain aileron, no tab, and
for the aileron with the same size attached and inset
tabs in figure 12. From this figure it is evident that
with the same ratio of 6T/~Athe attached tab is inferior
to the inset tab for the purpose of reducing the con-
trol force for the same rollingmornent coefficient.
This result is logical becrmse when a tab is attached
to the trailing edge of tLcontrol surface the chord is
increased and, since the hinge moment is npproxi-
mrhly prcportionrd tc the square of the control-
surface chord and the rolling moment to the tit
power, the resultant hinge moment would necessarily
be greater. The increased momont arm at which the
tab is working might be expected to compensate for
this increased hinge moment but apparently the com-
pensation is only partial, because the control force
with the attached tab is higher than for the plain
aileron except over a very small range of aileron
deflections. A further study of the data in tables I
to IV shows this result to be typical of attached tabs
as compared with inset tabs. Since the inset tab is
more effective than the attached tab, the remainder of
the discussion will be devoted to inset tabs; rind, for
the aileron portion, only the equal up-and-down
movement will be considered for this movement gives
reprtwentativeremdts.

INSETTADSONSHORT-E AILERONS

Effect of various ratios of 6T/&A on control foroe,—
A comparison of the effect of various ratios of tab de-
flections to aileron deflection on C,,6Aand UI’ is shown
in iigure 13 for the 10 percent cd fdkpnn inset tab on
the short wide aileron. It maybe seen thnt all ratios
of 8T]6Agive a reduction in control force for a given
C{ when C; is less than 0.06. As the dnta are for
static-force test conditions and as in flight there is an
actual reduction in hinge moment due to rotational
velocity in roll, if the ccntrol force is reduced to zero
acceding to static-force bst data, overbalance will
occur in flight. A more detailed analysis of the prob-
able reduction of hinge moment due to rotational ve-
locity in roll is given later in the report. There is also
a slight dillerence in the hinge moments as measured in
these teds and those encountered in fight owing to the
manner in which the tab is locked h the aileron; this
subject wUIalso be discussedlater. On the basis of the
probable reduction in hinge moment due to rotation for
the short wide aileron,the rntio of tab/aileron deflection
of 0.75 will reduce the hingemoment to about zero at the
[OWaileron deflections on an airplane in flight. For
this deflection ratio, the reduction in control force at
C{=O.04 is 74 percent that of the aileron without tabs.
In some casea 0{=0.04 gives satisfnctiry rolling con.
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trol. (See reference 12.) II rbvalue of 0{=0.075 is
necessary for satisfactory control, none of the tabs are
beneficial for the extreme control-surface movements.
For the high-speed condition of tight the tab is qniti
srkisfactmy, however, as a means of balance. For the
ratio of &/8A= 1.0 overbalance would probably occur in
flight owing to the reduction of hinge moment caused
by the rolling veIocity; for the ratio 1.5 overbahmce
occurs in the wind-tunnel tests.

l?ifeot of variation of tab size on control force.—A
comparison of the effect on the control force of the
variation in tab chord, for a given ratio of tab to aileron
deflection (&/8A=().75), is shown by figure 14. This
fi.we shows that none of the tibs gave reduction in

Rolfing-mcwmnfcoeffia-eti,Cl’

FmoEE16.—Efkt of angle of attaok en the conbmLfeme aitarfom Shert tide
eflercmswfth equal np+nddown detlwtbm m ~t CAhdfuran fnbmrd
fneet tab.

control force for valuea of C{ greater than 0.06. The
5 percent cA tab requires a kwger, and the 20 p~nt
CAtab a smaller, ratio of tab/aileron deflection to give
satisfactory bahtnce. The 5 percent c. tab would prob-
ably be unsatisfactory as a balancing tab because of
the decrensein the effectiveness of tabs in reducing the
hinge moment when deflected through large angles.

Effect of tab location along aileron span on oontrol
force.—A comparison of the eilect on the control force
of locating a tab of the same size at different locations
rdong the sileron span is shown in @ure 15. As previ-
ously pointed out, the 10 percent cAfulhpan tab at a
ratio of tab/aileron deflection of 1 (&/6,A=1.0) would
probably give overbahmca. The 20 percent c4 half-
span tabs, however, will probably not give overbal-

ance. The outbosrd tab is slightly better than the
center or inboard tab but, since in a majority of casea
it is not practicable to use an outboard tab owing to the
wing-tip shape, the inboard tab being next best would
probably be used. The diilerences between the three
locatioDs of the 20 percent cA half-span tabs are so
slight that horn the consideration of control-force and
roUing-moment coefficient there i3 not much choice,
From structural considerations, however, the inbomd
location is probably preferable.

Wect of angle of attack on uontrol foroe,—The effect
of angle of attack on the effectiveness of tabs in de-
crewing control force is shown in fi=we 16. It should
be remembered that the curves for the difFerentanglea
of attack should not be directly compared beoause of
the difference in lift coeflioients but that each pair of
curves for the same angle of attack are comparable.
From an inspection of these curves it will be noted tlmt
in all casea except at 20° angle of attack the tab gives

Liftcoefficient,t“

FmurfE 17.—Vdatfon of mntrd-fome coeffldentwfth M mmdentfor a given
value of rcdlfng-momentmfterfon. Short wfde eflerom wfth equrd ap-ead-down
dektfon; 20prcent c1 lmlf+p$mfnbard teb.

a reduction of control force, the grentest reduction
occurring at 0° angle of attack. If no overbalance
therefore occurs at 0° angle of attack, no overbalance
will occur at other angles of attack.

In order to illustrate more aocumtely the effect of
speed on control force with and without tabs, for a given
rolling moment, the data from figure 16 have been
plotted in figure 17 ss a control-force coefficient OF
againstliftcoefficient for two values of the rolling-
moment oriterion R(7’. The control-force coeffickmt is
bssed on a stick movement of +25° to give the maxi-
mum aileron deflection for a specified value of RU’ at

maximum lift and is independent of air speed. The
coefficient is defied m

where F is the force applied at the end of a control lever

of length 1 and 5% is the gmr ratio between aileron
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and control lever. The rolling-moment criterion is

RO’= O{ICL

which is proportional to the rolling moment in foot-
pounds and is also independent of air speed.

Inspection of these curvw shows that the control
force is reduced by the use of tabs nearly the same
absolute amount for any given R(?’, r~ardless of lift
coe5cient, and that the greatest percen&mereduction
occurs at the low values of R(7’ and at low lift coeffi-
cients.

Effect of variation of tab ohord on trimm@ or servo
control,—In figure 18(a) are plotted the rolling
moments for vwrioustab deflections of tabs of diilerent
chords to give complete balance of tho aileron. For
purposes of himming the aircraft, it is possible to com-
pensate for a calculated effect of 3° twist of the wing
by deflecting the 5 percent CAtabs +7°. For smaller
amounts of twist, the deflection required for trim.mirg
is directly proportional b the twist.

None of the tabs will give satisfactcuy control for
servo operation unlcsa the value C{= 0.04 is satkfac-
tory for rolling control, in which case the 20 percent
c.4full-span tab may be used for complete servo opera-
tion of the ailerons. If it is desirable to use rLtab for
servo oporrdion of the control, it probably should be
used in conjunction with some other type of balance.
The inset-hinge type of auxiliary balance would prob-
ably be the best because it is least affected by changes
in angle of attack and yaw. As previously pointed out,
it moy be noted in figure 18 (a) that it is not, in general,
beneficial to deflect the tabs from the neutral position
more than 20°.

Effeot of angle of attack on tinuning or servo con-
trol,-Tabs as a means of t- the aircraft or for
servo operation of the controls become less effective at
the higher angles of attack. Figure 18 (b) for the full-
span 20 percent cd tab shows that even if the tab were
satisfactory for servo operation of the control at 0°
rmgleof attack, it would not be satisfactory at 10°, 15°,
and 20°.

Effect of tab location along aileron span on trim-
ming or servo oontrol.-The 20 percent C4half-span
tab at any of the locations along the span was inferior
as a trhmnhg or servo+.mtrol device to the 10 percent
cA f~-span tab for tib deflections less than +20°.
(See fig. 18 (c).) The 20 percent cd half-span tab at
any of the locations gave a slight iDcreme in effective-
ness for deflections aa great M 40°. The outboard
location is slightly superior to the other locations for
the larger deflections.

INSETTAESONELEVATOR

Effect of tab ohord and angle of attack of tail snrfaoe
on Ofiland CN.—It is not practicable to compare the
control-force criterion for the tail-surface test remits,
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except at 0° setting of the fixed tail, because there is no
similarccntzd surface moving in the opposite direction
and the control surface tends to deflect from neutral
as soon as the tail setting h changed from OO.

The eflects of tab size and of stabilizer setting on the
elevator hinge moment and on the normal-force coeffi-
cients are shown in figure 19. At 0° stabilizer setting
the 5 percent CBtab gave an appreciable reduction in
hinge moment. With the 10 percent cz tab the hinge
moment became so small that there is a possibility of
overbalance in flight owing to pitch@ velocity. The
curves (fig. 19 (Q)) show that with the 20 percent cm
tab the control surface was overbalanced for small ele-
vator deflectionswith the ratio of tab to elevator deflec-
tion of 1. The increaaein C~with the 6 and 10 percent
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GE tabs over (?Nwith no tsb 8T= 0°,nt 6E=—300 k
unusual. For the teds at u,= –5° (shown in figs.
19 (b) and 19 (c)), ~~ the broken lines as referenco
axes, the curves for the various sized tabs are about
the same as for the curves at crs=OOof figure 19 (Q),
For positive elevator deflections there was more tend-
ency to overbalance at ~= —5° than for the s~e ele-
vator deflection at as=0°, although thistendency was
very slight. Since the change in the reduction of hinge
moment with diilerent fixed tail settinawwas slight,
the remainder of the discussion on control force of tail
surfaces will be for the 0° fixed tail setting.

Ei7ectof tab chord on the control foroe (&/6E= 1).—
The control-force criterion used for the tail-surface
test results is the same as the one used for the ailerons.
The 5 percent cg tab gave some reduction in control
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force for all values of the norrmd-force coefficient.
(See fig. 20.) The 10 percent CBtab gave reduction in
control force only for normal-force coefficients 1s9s
than 0.44, although it will probably give overbalance
for small elevator deflections as pointed out previously.
The 20 percent CBtab gave overbalance in the static-
force tests.

Effect of various ratios of 6#iB on control force.—
It may be seen (@. 21) that the 20 percent CBtab
with a deflection ratio of 2/3 gave approximately the
same reduction as the 10 percent c~ tab (@. 20) with
a deflection ratio of 1. None of the arrangements
gave satisfactory balance for normal-force coefficients
greater than about 0.40.

Trimming or servo-control tab.—The results that
may be espected by using these tabs for trimming or
servo operation of the elevator are shown in figure 22.
In this figure the normal-force coefficient and elevator
deflection are plotted for the condition of the elevator
completely balanced by the tab. These data may be
used to determine the tab size and setting necessary
to balance the airplane if the angle of attack of the
tail is known. It should be noted that no benefit
would be obtained by deflecting the tab to angles
greater than 20° to the elevator. As the maximum
change in ONthat could be obtained with the 0.20 CE
tab as a servo control is small, being equivalent to that
obtained with only a 10° deflection of the elevator
without tab, probably none of these tabs would be
satisfactory as a servo control unless used in conjunc-
tion with some othor type of mxiliary balance.

mSETTABSONRUDDER

The rudder, as previously mentioned, was tested
with only the 20 percent CEtab both with and without
the reflection plane. The vertical tad of most air-
planes is probably most nearly represented by the
arrangement without the reflection plane, although
some vertical tails would be approximated by the
conditions represented with the reflection plane. The
effect of the change in tied tail setting on the results
having been discussed for the horizontal tail, the dis-
cussion for the vertical tail will be limited to the 0°
fin setti.rg (~~=0), except for trbming and servo-
control tabs.

Reduction of control force.—Wlth the reflection
plane in place, the ratio of &/&=2/3 gave very
satisfactory reduction in control force for small rudder
deflections, and some reduction for aU vahws of ON
km than 0.63 (fig. 23 (a)). This tab/rudder deflection
ratio probably will not give any overbahmco on an
airplane due to yawing velocity in flight. For all
vfduea of ONgreater than 0.63 it would be better to
use the control without the tab. For higher tab/rud-
der deflection ratios overbalance will occur at the low
deflections.

Without the reflection plane (fig. 23 (b)) the control
force was higher for all values of the normal-force

coefficient than with the reflection pkme. This in-
creased control force was probably due to the smaller
effective wpect ratio of the model, which is accom-
panied by a lower slope of the lift curve, and also to
the large tip loads on the rectangular tip of the rudder.
Insofar as balance is concerned, the tab/rudder deflec-
tion ratio of 2/3 is probably the largest that can be
used without overb&nce. The tab in this case was
dlective in reducing the control force onIy for values
of normal-force coefficient less than 0.60, which is
approximately the same as for the model with the
reflection pkme.

Trimming or servo-control tab.—For trimming or
servo control the tab was about equally effective either

10
6E= -3 o“ ~ ~ No tub

A------ 15r/6r-~
b-— = . =/

8Qh

b;

\

.
~

6<~
z
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FIGURE2L-Effext of MJ+kat@ detledon ratfca on the mntml-fcma a-ltaion.
Elevator 40pmmnt ofareaofhmfxontal taff. Inset tab fulfmmantofxneximum
elevator tierd. a#P. Reffmtfcm plane fn plain.

with or without the reflection plane. (see fig. 24.)
T’he maximum value of C. was obtained with the tab
deflected only 20° and was 0.39 with the reflection
plane and 0.38 without it for the fin set at 0°,
(#R=OO). This value of C. corresponds i% a rudder
displacement of abcut 10° without tab. The 20° tab
deflection is probably greater than necessmy for trim-
ming but is not satisfactory for servo operation of the
control. For servo operation of the control, the tab
would have to be used in conjunction with some other
type of a&iliary balan~.

INSET TAM IN COMLUNATTON wITH OTHER lTFES OF BHCE

A comparison of the actual reduction in hinge
moment for a tab on the aileron alone and on the ail-
eron with the auxdiary types of balance is shown in
iigure 26. The curves are typical for 0° angle of
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attaok; for the other a@cs of attack the change is
about the same. It is evident from these rcsnlts
that the reduction in hinge moment due to the tab is
approximately independent of the tmxi.liary balance
or, in other words, if the hinge moment is known for a
control surface with either a paddle, horn, or Frise
balance, the data reported herein may bo used to cd-
cuktte directly the further reduction in hinge moment
that may be expected by the addition of a tab.

Previous teats (reference 13) have shown that the
horn type of balance is ineffective at large angles of
attack and tends to overbahmce when yawed. The
subject tests on the aileron with horn balance did not
include the yawed ccmdition but substantiated the
conclusion that the horn balance is ineffective at lmge
angles of attack. (See table VII.)

The tests with the Frise aileron yawed showed that
the reduction of hinge moment due to a tab was the
same either yawed or unyawed (@. 26). In this
figure the change in hinge-moment coefficient caused
by the deflection of the tab is plotted against tab
angle. Since the change in hinge-moment codkient
on this type of aileron caused by a deflection of the
tab is unaffected by ymv, it is reasonable to aasume
thwt any other type of similarly balanced aileron and
tab combination would be umdlected by yaw. If
an aileron-tab ccmbiirdion is therefore not over-
balanced at zero yaw it will not be overbalanced by
the tab when yawed with the controls unreflected.
It should be remembered, however, that all ailerons
tend to be overbakmced when the wing is sideslipped
because of the unsymmetrical wing span load distri-
bution under these conditions. This overbakmce was
observed in the subject tests on the Frise aileron when
yawed and the amount of overbalance was consider-
able at the high angles of attack. (See table WI.)
When n balancing tab is attached to an aileron in a
conventional manner so as to start moving at the same
time as the aileron and in the opposite direction, the
degree of overbalance when yawed will be greater
than for the aileron without tab if the ailerons are
allowed to deflect a small amount. It would be de&
able to design the linkage of a balancing tab so that
the aileron and tab would move together over the fit
4° or 6° deflection and then differentially to reduce
the hinge moment. This arrangement would also be
desirable because of the fact that most aerodymunic
balancing devicca tend to give overbalance at low
mglcs of control-surface deflection.

FACTORSAFFECTINGAPPLICATIONOFSTATIC-FORCE
TEST RESULTSTO ATRPLANESIN FLIGHT
METHODOFMf3ASUlUNGTHE~GE MOMENTS

In the wind-tunnel force tests where the tab was
part of the control surface, the measured hinge
moment was the combined moment of the control

surface and the tab. On an actual airplane, how-
ever, the mrangement would be more like that shown

R’b
‘. ~.

~ >. ~
5“

~ 0‘ --G-- --=
(b)

-/.0 -.8 -.6 -.4 7.2 0
Normol-foee coe~cied, CH .

(b) B3fktfml@meremoved.

FIGURE2&-Effect of tab-mddar defffdon mtfcn on the oontref-form crfterfoo.
rtnddmo)~tofarmofvertfml t9fL Ilis3ttab mp3ru3ntofmdlmlm
mddm &or& #=.@.

in f3gure 27. The following discussion applies to
any mntrol surface, but an aileron will ‘be treated for
simplici~. In the sketch the ratio of 1:1 between
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tab and aileron deflection is aeaumed. H F4 is the
force on the aileron control horn, .FTthat on the tab
control horn, G summation of the moments about the
aileron asis givca,

F*a+~=gc+~Tb
or, 8olving for ~.4a

FAa=yc+F&–xe

In the force tests, yc–z.e was actually measured. For
the case of 3J6A= 1.0 under consideration

b=f and Fj=m?=FJI

T& defleciian6r~&g-ees
~mum26.-C%mprkm 01rdmiton of hinga-mommt eoallklonta of W-at MM

afone and In mmblnatlon wkh otbar ~ of balancing snrfaom Shozt wide
alkon, 20prcant CAImlf@n mntar W tab. u-W.

therefore
FAa=yc+zd-xe

If for the 10 percent CAtab it be assumed that the
center of pressure on the tab is 20 percent of the tab
chord from the leading edge, it follows that

X4+e
therefore

F.@=yC+&Z3-2%=yC-o.98xe

I?rom the preceding equation it is apparent that the
actual aileron hinge moment would be slightly larger

for the
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flkht conditions than it was for the force-teat
conditiom; The actual dh%mce in moment, how-

‘-

Tab deflection 6J, -es

Fmumz M.-Oom*n cdmkction of Mngo+oOment meCManh of bimt tabs at
P and fitPyaw. FrfmaW’on. ~rarcant eAhalfmmn mntarw tab. a.W.

ever, is only 2 percent of the moment of the tab~bout
the aileron axis for the 10 percent CAtab.

EFFECT OF ROTATIONAL VELOCZTIE9

When a control surface is deilected on an airplane
in ilight, an angular velocity is obtained that changes
the angle of attack of the control surface in such a
manner aa to decrease the hinge momant. As in the
static-force tests no angular velocity accompanied the
control-surface deflection, the hinge momentw as
measured should be decrensed by an amount equal to

k

FIQuwn.-Dkmwu ofa bdadw-tab m-mngamantformlairplan~

the reduction caused by the angle-of-attack change
that’?.would be expected in flight. An analytical de-
termination of the reduction that would be expected
with the short wide ailerons (40 percent c by 30
percent b/2)is therefore given.

From the data of the force tests it was found that
for the ailerons, regard- of deflection, and for
anglea of attack below the stall, the change in hinge
moment with angle of attack was:

‘Cbl=O 0164 or *Ch =0 0164Aa
z. 1.

This expremion is for 2 ailerons, 1 on each wing
tip, and Actis in deggees. The value of Aa is one-half
the diilerence between the average angle of attack
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over the portions of the W@ containing the two
ailerons and may be found in the followiiqg manner:

where p’ is the rate of rotation in radians about the
wind axis. This exprtion is for the change in angle
of attack at the wing tip. For the inboard end of the
aileron the expression is

-1 @lAuz=tan ~V

where bl is the span of the wing between the ailerons.
The average change is

~a= Aal+Aaf = %
tm-lz ~-l ‘il~~+ ~

~ g
or

A value of ~~0.05 gives for this ‘wing and aileron

arrauaement Aa= tan-’0.0425 =2.43°; or the change

in hir&emoment due to a rate of rotation corresponding

LChl=0.0164X2.43 =0.0398, or 0.04 appr&imately.

This result shows that for ~~0.05 the reduction of

the hinge-moment coeilicient is about 0.04.
From a large number of wind-tunnel tests on wings

alone, it has been found that for a rate of rotation
p’b

corresponding to ~0.05 the value of the damping-

moment coefficient CA’below the stall is approximately
0.02. Recent tests ‘-(to be published) have shown,
furthermore, that at low angles of attack the aileron
deflection necessary to give a rolling velocity cor-

responding to ~0.05 would give a static rclling-

moment coefficient of 0.02 (C1’=0.02). For the wing
alone it follows that if the ailerons are deflected to
give a C{=O.02 the resultant idling velocity will

p’bcorrespondto ~ 0.05 and therefore will give a re-

duction in the hinge-moment coefficient of 0.04.
Available test data indicate that the rolling-moment
coefficient required to produce a given rolling velocity
with a complete airplane is about 25 percent greater
than that required for the wing alone. Stfhmmnts in
the discumion relative to the effect of rolling velocity
on the hinge moments in flight are based on this dif-
ference between results of the wing alone and those for
n ccmpleta airplane. A similar analysis for the

medium-size aileron shows that the reduction in
hinge-moment coe~$mt is 0.008 for a rolling velocity

corresponding to ~~0.05. It is evident therefore

that the change in hinge moment due to rolling velocity
depends to a large extent upon the size of the aileron.

Angular velocities in pitch and yaw affect the mo-
ments on the horizontal and vertical tail surfaces in a
similar manner but no computations have been mode
for these effects.

CONCLUSIONS

The conclusions are based on static-force test
results and as applied to ailerons are for an equal
up-and~own movement. Such factors as angular
velocities in roll and methods of operding the tab
may have larger eifects than those assumed.

1. Inset tabs were superior to attached tabs for the
swne tab/aileron deflection ratios.

2. The reduction in control force with a tob was
greater at an angle of attack of 0° than at 10°, 16°,
and 20°.

3. The 20 percent cd half+pan inset tab was prob-
ably the best for use as a balancing tab for ailerons.

4. The 20 percent CA full-span inset tab was
satkfactcry as a servo control for values of rolliug-
moment coefficient as greak as those obtained by
deflecting the unbalanced control surface about 11O.

5. For ordinary trindng purposes the 5 percent CA
full-span tub was satisfactory.

6. The reduction in hinge-moment coefficient due to
tabs could be added directly to the reduction due to
paddle, horn, or Frise types of balance.

7. There w= no advantage in using tabs for control
moments gnmter than those ordinarily obtained by
deflecting the control surfaces more than about 16°.

8. The reduction of hinge moment due to tabs was
independent of angle of yaw for the Frise type aileron.

9. It appeared that tabs would be more effective
when used with large control surfacea tlmt would
require small angular dii3placement.

LANGLEY WzMoRr.m AERONAUTICALLABORATORY,
?NATIONALADVISORY ComwrrnE FOR AmRONAUTIOS,

LANGLEY FIELD, VA., February 6, 19$5.
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TABLE I.—FORCE TESTS, CLARK Y WING WITH PLAIN SHORT WIDE AILERON ON RIGHT WING TIP ONLY

~ N.-6@OCnl,ValaaIw=~u p. b. Yaw-O”]

afadal

~~ ~fi ~ ~th. 0.1S76CAby 0.445 o.m CAby ati b~

~ % 4T6i+ i:



TABLE II

FORCE TESTS, CLARK Y WING WITH PLAIN SHORT WIDE AILERON ON RIGHT WING TIP ONLY—FULIA3PAN ATTACHED TAB

[1?.N.=809,000.Velooltg-80m.p. h. Yawm@l
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TABLE III

FORCE TESTS, CLARK Y WING WITH PLAIN SHORT WIDE AILERON ON RIGHT WING TIP ONLY-O.20c~ HALF-SPAN ATTACHED TAB

[R.N.-6M,MO. Ve1mltY=80 m. P. h. Yaw-Oq
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TABLE IV

FORCETESTS,CLARK Y WING WITH PLAIN SHORT WIDE AILERONON RIGHT WING TIP ONLY—FULLFSPANINSETTAB
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TABLE IV—Continued

I?ORUE TESTS, ULARK Y WING WITH PLAIN SHORT WIDE AILERON ON RIGHT WING TIP ONLy—l?ULL-SPANlNSET TAB-Continued
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-,027 X& -. ~ -.124
,02b-, w -,160 .m –. OM -. m -,004

:,369 .@’ .073 -.340 .W4 .W7 -,2$9 .m ,@m -,349 ,W2 .Cu7 -.415 -, W4 .W -,
.0i3 -. m7 -,160

-,161
.021-. W7 -. m

,019-,010 -. lW
.Om –, Wl -.247 ,019

-, .017-.010 -.244
-, m

.021-. m -. Zao ,010 -. W7

d, -W I 8A- -w

8*=16” d4--150

~~ -_: yj a~ -_: y17--- &lJ a&4 -_a O& :% Clg -_&~ -a 017 0.w’ -0. ?33-o. 02!3o.@l.5 o.m O.m o
-.014 .Cu9 –. Ml -.021 .m o

-a 0T2 awd o -0.124 0.021 0 -0. m CLE o.g -: fi 0:y! o

-.246 -.011 :m -.076 -. W7 :W4 -: m -. @m .0)5 -: m -.013 .m -. W! -. olE .011 -, WJ7
.m -. W1 -, la .Om -. m’ –. 216 .Om -. m -.’232

-. Ml -. W1 .M7 -.141
.m -. w -. 1.E3

-, WI

,OcQ .W -.144 -. ml .W5 –. 341 -. w .W –. 416
.024–. W9 -. m

-.004 .Om –. 062 .025-.011 -. I&2
.018-. w -. m .013=m -.344

.018-. Oas -. m .01.2-. Qo7 -.343
.012-. W2

.010–. w -.376 .W -. w

I

I
i
[

i
I

I

6A-3@ 6A= -so”

!-am -a m’a 010-0.Q43 -a 016 am -0.164 -ao22 CL% -Q. 273-o.02f! 0,011-0, m -am 0.013 O!m o:&l :% 0:g Clg o.

<

-.242 –. Ole .013 -.156 -.014 .O11 -. m –. m ~~ +t& .017 –. 473 -. m .019 .1

~+

:g := &(& -: O& C& :c& 11~ 0.046 0.Oos

-. a14 -.010 .013 -. m -.010 .012 -.316 –. 017 .016 . Ow –. W1 -. 02s .Gll .113 J& j g o .0s :
.@52–. W3

-.114 . .m -. all .W4 .m -.312 .m .011 -. W2 -: m .013 -. m -. ml .014
.047:. w –. m

.111 . -. m .046-.014 z IM
.016-: m -.079 .046–. Co7

.m -.014 –. 148 .Cc-9-.013 -.149 .034-.012



TABLE V

FORCE TESTS, CLARK Y WING WITH PLAIN SHORT WTDE AILERON ON RIGHT WING TIP ONLY-O.20C4 HALFSPAN INSET TAB

~. l?-@l&0@3.Vekity-84 m. p. h. Yaw-w]

T-Ill

–4W –w -w -IF w

I -+,

w

c,, Cf c,’ %, Cf c.’ %, Cf c.~ %, Cf c,’ CA, CA’ c.’ CA, cl’ ~m’ CA,
‘~ I cat + Cdi’ CA:I4;’ Icm’

(a) Ollthrd
—

6~-m 6A=CF

\@& am o 0.C&5 mom o
.Wm–. w -. @x

O.om am o
.m -. WI -.012 ,W7 -, o)]

-(LO& 0:g -_a g~ -a 070 0 0 -a 0700 0 -: g -am o
-.143 0

-0.130 -o. m a ml -a 216-am am -0, al -a 010 aixu

-.026 .m -. WI -.043 .m -. WQ –. w ,M7 -. cm
-. 14so 0

.123 .W4 -,001 -.186 0
-. w .W1 -. mo -,007 .(M2 -. w -.010 ,W -.318 -.010 . ml

-. 10I .037-. m -.131
:

.007-. M2 -.146 .W -. m
-.155 0 0

, lW
-.240

.m –, m.? -. mo o 0
-. OcQ .ml

-, m o 0
-. m –, cm ,ml –. ?36 -. m .W4 -. w -. C@ .ma

-.315 -. ml .m -,372 -. W6 .m -. 4m –. md ,Cd14-, m -.002 .md

dA-160 aAD -150

~: g: -- g o.Z -. ~ -_a g W& -_: g -. ill: C!O&-_: g -:; g 0:g -: g -: g &c& I$Cw o,a32 o -0.0’22 0.025 0 -0. ml 0.026 0

i

-0.060 ct~ o.Q&l-a y 0.021 0

-.237 -: m :010 -,344 -.017 :m -, m“ -.014 .cm -,327 -.019 ,Om -, ma -:018 :011
.W -. m -, W7 .Om -. OW -, m .026 -, m4 -,130

-,2$3 -. O&5 .W -. w -. O&5 .W -, m -. m .OW -,376 -, m
-,027 . al -. m -, m

.OW –. 416 -. W4 ,Om -.062 .026-,011 -, lm
.au -. 0+30-. W3 .021-, W -.106
.018 -. m -. lW

.019 :IxA5 z 189 : F7 xii
.017-, O@ -. Im .014 -. w -,218 .013 -, W7



TABLE V—CcntInued
FORCETESTS,CLARKY WINGWITHPLAINSHORTWIDE AILERONONRIGHT WINGTIP ONLY-O.20C.4HALF-SPANINSETTAB-Continuecl

[R,N@X@O. Velooltg=80m.p.h. Yaw-O”]

IT

h II

-4P -w
—

04 c{ c.’ C4 c{ I-wlc: + Ch I 1’ Icm’ Ch h cm’ “1 I ‘~’ I Cn’ “1 I~f I‘n’ + “1 l’~fI c“’
c.’ %, G(

—
(0) Inboord

—

a 8*=V 8A+

r
o -: ~ a 011 0 0.044 am o

10 .W3 -,031 -. Q?3

‘%’ ‘:? ‘ g ‘:g-@l% i ‘H ‘:a~m:%LL&&LL 3010 ‘E

0.024 0.W7 -0. W1 -0.016 cl~ o
,m -, W -. w !W7 -. ml -. m

--~ g -_a ~ o.g -_\l&-;,~ &g-. # -: yy 00001

-. IN .W5 -,002 -.130
; -,195

,OM -,001 -. loa .0a3 -8 m -. KM !W4
,W4 -,001 -.1’33 .W4 -, m -. In .W4 -. w -. a12 SW -. cm -. m o

I 6A-W I 8,- -w

U ‘M’~~~~~~a= :~1~~a~~~o-a 241-y& 0.:~ :. -_a ~ : ~~: -. g -j. g 0:m; -., ~ -. g 0:y; ~g -_: O&a :;: 0:~ ac& 0.g 0.210
10 -.W3

-.392 -. m :Ols –. w -,017 .010 -:416 -: g ,018 -,467 -,023 ,021
ii

-, KM -, 0z3 :021 , 11s : cdl :. m
-,8s4 .004 ,013 -.340 ,W .012 -. w .013 –. 429 !W4 . 01s -,453 -. ml .014 ,111 ,mo -.014 ,Q48

TABLE VI
FORCE TESTS, CLARK Y WING WITH PLAIN MEDIUM-SIZE AILERON ON RIGHT WING TIP ONLY-O.1OC4 FULL-SPAN INSET TAB

[R. N.-ecmoo. Vebei@=80rn.P.h. Yaw-Fl—

‘r -40” -w

CA, of c.’ CA, cl’
(“,’ Hw+T *h*

c“’ CA, C( C.’ A, Of C.’ A, cI’

8A=V
I

aA-o”

&w 0.010 0 0.m am o 0.049 0:g g
-, m .W3 -. WI -.049

0.m o.w o
.m o

-a 042 0 0
-.049 -. GM

-0.042 0 : -a 120-o. ma 0.m -0.182 -o. W7 o.w -0.239 -a 011 am -a m -0.013 am

-. m2
.au o

. ml -, ml -,080 0 -. W3
:. ~ : 0 -, m o

.001 0
-.147 -. ma .cm -.218 -. m .W2 -. m -.013 .Oas –. w –. 016 .Wi

-, laa –. Ooa :
-.077 . ln)l o 0

-.1.50 -. w -. ml
-,112 0 0

-,144 -, m o
-. )82 –. W9 .ml -. m -.010 !W2 -. 3a3 -.012 .004 -. 3s0 -.014 .Ooa

-.146 -. W2 o -. I.&a o 0 -,181 0 0 -,252 –. m .m -.3’6 -.012 .W3 –. m -.013 .W4 -. m -.014 .W

I

“m~‘g‘g‘@”E ‘:%‘Ha%‘ ‘%‘%“E
~c g -_&O-& aw&4-0.146 -ao19 o.w’ -0.071 -0.013 0.m -o. m -a 019 am -a 177-o. m o.w o.m o.mo o

-. lM –. 019 .W -. 17a –. 017 .U27 -.171 -. Ozo .(KU -.210 -.021
–. m -: 01.s :m -. ml -.017 .W9 -.173 –. 016 .037 -. M3 -.019 .W9 -. 22%-.019 .Uo9
-. m -.039 .W9 -.274 -. m .m -.178 –. m .007 -. m -. m .033 -.356 -. m .m -.020 -ml -.W9 -.m –.~ -.~ -.137 –.010 -. ~ -. 1~ -. OH -- ~ –. ~ -.014 –. ~

aA.w I a4=–330



TABLE VII

ar
—

FORCE TESTS, CLARK Y ~NG WITH PLAIN SHORT ~DE AILERON ON RIGHT ~NG TIP 0NLY-0.20c4 HALF-SPAN CENTER INSET TAB AND
AUXILIARY BALANCE

K N.=@39,0Ct0.VeJodty=30m.p. h.]

-w –w
— —

C,l
I

C1’ c.’ f%, cl’ c.’ CA,
1~’ilcd ~1 4=7+ c1]:Icnt+C(k

(a) 0.137W by 0.Mb5.4PwMJebabmm, Ynw-W

8*=LT 8A-00

0.030 a W o
-.029

a 018 0.007 -_: im~ -_: ~6 Llg ~ (Ku -a 0$5 0
.W o -. m

o -o. w o 0 –. j% –_y g o -a 169 -_: g \@& -:$ -_: :%
–. 127 0

a all

-.070 .m -.001 -w :&l
o

-.001
-.127 0

-.110
.Ma –. 240

-.001 –. 184 0 !
.ix4

-.141 .ml -.001 -.160 . WI -: E -. W1 -.242 0
0

-. m -,191
-.104 -. m

o -.242
-. m :~ –. 270

! o
-. OM .0$3 -. 3LM

-, 3a3 .Qo2
-.009 .034

-.343 –. 004 .m -.804 -. Ooa .W3

8“==16” d~=-lt?

--: ~ -: i)): Ll@& -’ g -_: g;] ag -a 1E5 -0.019 ~g --a ~ -..: g &.~ _a g
-. 31M –. 019

:&o o -0. m3 :C& o -a 031 ao25 o -a 073 aw o

-.234 -.010 .009 -: m –. OJ2 .010 -.320 -.016
.010

.010 -.371
-. w -. aso

-.018 .011
-. O@ -.122 .023 –, m -. J68 .024 -. M2

-.276 -. OiQ .0a9 -. 3m -,004 .0a3 -.302 -. MM
-.046 ,02u -. m -. Ioa .023 -. (W

,Cns3 –. 4m
–. 149

-.004 .M9 -. W3 .021 –. Wu
.W –. m

-,130 .018
-. Ml

-.009
.021

-.109
-. W4

.016 -. w -. 2C-4 .015 –. m

8A-W 34=-W

__~;: -_a ~ a ::} -:: ~ -_a &o 0.011 -_: :: -_a g ~ :;; -: ~ -:: g a 013 aw
.017

a&2 o.m 0:~

I

CLO& :~ a 146 :g U& a 123

–. ?30 -:017 .018 -. 3s0 -:018 .018 -.427
.020 .127

0.043 :g

-. m .020 -: m –. 023 .021 , la5 .W :. owl
. a59

.049 .0&5 -.W6
. MS

.021 .OM -.032 :W
-.329 .W4

-. w
.013 -.374 .W4 .013

-. w
-. WI ,m .014 -.450 .001 .015 .083 .W –. 012 .W6 { :~ -.012 –. 007 ~g }-.012 -. m { :~ } -.011

(b) O27&~by 0.44MdPW.MJebnlrmca, Ytiw.&

aoso
-.029
-, m
-.090

aA=oQ

a= o a 010 ;g Q
-. WJ -. a32

-a 014 am o -a iM2 o 0
-. ml -. W7

.W3
.W -. ox -.124

-.001
0

-.072 .Ml -. m -.114
.004 -. ml

.Wa o -.167 I
-.149 .002 -. Mu -. Ma .W5 o –. !224 o :

a4-16”

-aJ61 -0.018 Ll@& -a m7 -a 014 Llg -_a g -0,016 a ooa -a 222 -0.019
-. ma -.016

y jfi
-.241 -,014

-.232 -.012 S& -.274 -. OJO
-.017 ;? ~g

.010
-.019

-. m -. Ml -,317
-.330 -, 0J6

.001
-,010 .0]3

.0a9 -,282 -. IXIJ .M19 -. 3oa -.001 ,010
I I I I I I I I I I I

aA-w

1
~:~-o. on

-. ml
-. Ml -.019
-.246 .006

a IJJj -_a ~7 -_l g

.010 -.378 -. 0J8

.0J2 -.370 #w

aoll -a 200 -a ix] a 013 -a 232
.017

t

-a a32
-.410

a 013
-.029 .018 -.440

.017
-. m A-&

-.440 -,0-22 ,Om -.407 -,022

,013 -.424 .W4 .013 -.442 #w .016

-- C& -~: ;% -0. w
: :

a 00; -_a g -_a ~ aw -a am -a 011 ao32
-, MO

-.157 -. m
.W2

-. 0a9 o
-.272

-, m
-.016 .0+33

-. Z& I I
-.012

-.202 -.034 .001
-, 3G9

-,323
-.015

-. m :E -.367 -. W7 :E

0.010 ag _:& -O 04J ao2a o
-.019

__~ g
-. @o .024 -.004

a~ O.@ll -~ ~ 0.023 a ml

-.048 .025 -.007 -.10.5
-. w .018 –. 0a3

.Om -. MO -. m . Olfl
-. m .02a -.010 -.127 ,019

-. m
-.010

-.181
-.179

.016
.014

-. w
-. Cu3 -. m .012 -. W9

a,--w

I I 1 1 1 1 ,

a244 LIC& _~g a JE3
,124

~ ~8 0.m o. Iba
.m

o W :. a 131
-. W2 .M8

: &i; 0.W7

. Im .0s3 -. m
.047

.047 .W2 -, W7 .W7 :% -, Mo
-. m

-. W2 .045 -. m
.W4 .a30 -.012 .023 ,!224 “-. 012 -.018 { :~ }-. 012 -. all { :g } -.011



TABLE VII-Continued ~

l?ORCl?JTESTS, ULARK Y WING WITH PLAIN SHORT WIDE AILERON ON RIGHT WING TIP 0NLY-0.20C4 HALI?-SPAN CENTER INSET TAB AND
AUXILIARY BALANCE-Continued

[IL N.-OXI,COO. Veloolty=E4 m. P. h.]

ar -w
—

CA, 0{
I-WI cm +FLIG+ C4J I ~ b ‘A F I ‘9 CA l~f Icn *

c.’ C*, Cf
—

(0)Hornbrdsnca Yftw=IY

—

a 8A=O” 8“ -v E .
1 , 1 I I 1 I I l—

0 0
0 0
0 0
0 0

0,ml -: ~~ -~. O& 0.001 -- &y -: g a WI
.001 .W1 .W5

~

.W2 -. ZM -. Wu .022 -,240 -. W7 #m

.W2 -. 3a3 -, W4 #w -. m -, @x .W K?

0:p6 0:1)) o 0:% 0:Ill! -0.601 0.Ooa 0:~ 0.WI -0.067 0 -o. &m
-. ml -.062 -,017 -, Ml -,037 0 ,:

-. m .010 -,001 -, cm
-. C%7

,011 -, WI -.075 .007 -. W1 -,133 0 0
-. lea

-.12$
.W4 o -,140 .6+6 -.002 -.212 .6+32 o -,272 0 0 -.272

-0.122
–, 180
-,170
-. a12

-’ g

.001
-.001

I I I I I I kg

8,=16” aA=-16”

-00140 -a 027 O.m -0011.9 -a 024 :~ -: ~ -: p. 0.W7 -0. 1%9 -0. m 11~ -00 m

: :% -;% ::18 ::% -:E .010 -,324 -:m :!!1 ::% :%; ,018 ;E 0% :; -i% ‘% % -% 0:% % -’$ ‘%j 0:%
.m -,205 .ma .069 -. ?-61 .004 .010 -.3J6 .003 .011 -. OQo .022 -.014 –. OM .Ozl -. ola -.114 .017 -.012 -,144 ,012

I
8A-W 8,--30”

I , # # 1 I 1 I I 1 1 I I I I I I I , I

o -_\ M -04 m 0:~ -y: ~ -: ~ 0.017
:g

-_:-5~ -:. o:~ ::% -- :;:
-, W9

0.Om 0,104
.022

0.. 0.011 0.lCJI :@& 0.011 o!126
.026 , llu -. m .139 -, m ‘:% :% O:R O:%? :%

-SW .W2 .02a -.300
,112

.001 .020 -.461 -.W3 .m -.406 -Cm ,M ,0$9 . ,OM -,011 ,W ,W2 -.011 ,012 .0u8 .070

g )-. 018 .0@3 ( ;~ }-.018 ,015 { :: }-. Ols -. WI .~ -,0120 -.302 .010 .010 -.420 .010 ,019 -.488 ,Om ,021 -. MB .W7 ,623 .110 { :[-- ,
. . . .

r I 1-
,.

I I

(d) FWM nlloron. YmvoO” E

0.074
–, w
-.049

–. 104

6*-W

J ~
Llci& -- g -o. 0?-5 o 0 -0.lm

-.126 0 0 -.125

.06-5 -.001 -.173 0 0 -. 17a

.021 -. CcQ –, 219 0 0 -,210

:~ o a 042 0:O& o O.OM
-.001 –, 025 -. ml -. Q47

.016 -. ml -. W3 .007 -.001 -.039

.Oua -. 0x3 -. lW .cm -. m -.136

-: ;$ -CJg ?: -o. lM -a 011
8

a 001
–, 240 -. Wo .MQ

,Cu2 -.244

[ 1

-. 0Q5 .002 –. 276 -.006 .6+33 k
-. cm

-, 0Q5 -.236 -: W& -. an -.317 .002 -. m g

2

0
0
0

0

0
0

0

0

-a W4
-. W1
-, m

-. Om

ad--lb”JA-W

, I 1 1 1
al

o -a 141 a 024 0
-. 0Q4 -.160 .023 –. m -, ;g ~g !. ~
-. m -.104 .023 –. m -.221 .Om :. ~
–. 014 –. 212 .010 -. ola -.241 .012

-_:g __~p4 CIOoJ + 076 -0.018 a 003
-.176 -.014 .006

-.184 -. W3 .m -.211 -.011 .03S
–. 214 {_: ~ } .6+1 –. 264 -.004 .001

-a 111
-.214
-.249
-. afi

a Qol
-. w
-. m
-.015

-o. cm
-.117
-.141
-. le4

0.027
.023
.024

.010

I I I i I I1

6A-WaA.w

-am -a C@3 0.010 -0.233 -o. m 0.014 0.135
–. w -. cm .018 –. 409 -. m .019 .101
–. .T91 -. m .020 –. 437 -. m .021 .697
-. m -.034 .Ooo –. 416 -. m .010 .mz

O.om o.m 6.(QO 0.007 0.026 0.02$ aw7
-. ml .W4 .W2 . WI . 0?4 .041 .001

–. W! . ml .049 –. W4 .623 .W9 -. OM
–. 016 -. m .m -. CM .ml .m -.016

-U 246 -am 0.012
-.206 {:&’ } .017
–. am –. 018 .018
–. 336 –. W2 .027

0.m
.054
.054
.Cul

O.coo 0.097
0 .a32

–. cm .0i2
–. 016 .m

o.a32
. w
.KfJ
.Oio

-0.104 -e. a30 0.011
–. !w –. ola .016
-. 2s5 -.016 .017
–. 291 .m .CQ7

II



1
0

CLg ~~ o llg cl% o awl O.ms o
1: -.002

-a Q42
-. ml

::1 -cl ml -a 073
-.013 .W -.021 -. MS

-_: ~ fl~ ~g –_a ~ a $1~ :&y -_a ~ :&l –a m -o. m \@&
-. m

la
-.173

~~ .Cms3 .024 –. ma .W4 -. ml -.023 a& -. W -.073 .034 -.011 -.223
-.2$9

-. on
–. m

20 .033
.012 –. 276 –. 037 . W1

-.011 -.043 .002 -.011 -.077 -.011
-. 3%4 –. 011 .092 -.360

-. m .073 -.016 -.270 -.079 .W9 –. 247 –. w .007
-.012 .m

-. m -. OL2 .m -.414 –. 014 .W9

8A-16” a~= –lb” &

o -a 049 -0.017 :~ ~g -_: IIIj :~ -a m -_c ~ am -0.117 -0.022
;: : ~;; –. 014 -. 10a

Clo& -a a27 0:&o _: O& -m 074 aon a 001 -a 123 0.023 a 001 -0.134 am 0.001
.007 –. 200 –. 023 -.109 -. lbo .020 -. w i

–. 011 .007 -.145 -.017
–. 204 ; g: -.006 -.238

. mo –. 176 -.019
; $; -. W4

. Om –. m
al -. IM .004 -.003

-.022 .010 -,142 .027 -.003 -.189 .023 –. 0u9 -.149
-. w –. oa3 .0&5 -.173 ,004

-.007 -.279 -, m7
.007 –. 204 -.010 -. m -. ?70

I
.028-. W9 -.221 .023-.007 -.292 .018 -.00.5 -.326 .017 -. OM 2

aA40” aA--w

0 -o. m -a 029 0.010 -a 23-9{-: g } 0.011 -a ‘i”al -o. m 0.012 -0.W -0. ma a 010 a 17!4 0.044 0.010 0.139 0,043 0.@39 0.102 0.040 am 0.w

10 -. !2&9 -. m ,016 -.837 -.029 .018 -. 4a3 -. W7 .021 -.438 -.037 .019 .104 . Ml -.001 .070 .039 -.001 .02.5 .037 -.001 -. w

la -. n4 -.024 .018 -.328 -.031 .019 -.400 :. w .023 ,041-,442 {:% } .022 _. ~ .001 -. W9 .WM .069 -.007 –, m .037 -.008 -. M3

n -.197 -.010 .Ooa –. 2.37 -.012 .002 -. m -.016 .W9 -.307 -.015 .Ow , OiIl -.010 -.077 .033 –. 009 –. 111 .M5 -, m -. KM

1m thesatnblrs tho rolllng ond yawlm?-momontmwlhionb for JT=V ond 3A-W am thaw duo to YOW;for (ar) rmd (34) d~wtod they ore due 10lab odor ofloron.

G

0.041 aoa B

.0s9
Q

-.001 &
.M7 -.003

.0.53 -. m g

5

#

o
kl
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TABLE VIII

FORCE TESTS, TAIL SURFACE. ELEVATOR=O.40 TAIL AREA. REFLECTION PLANE IN PLACE

m N.= L213#Oa VahdtT-STI m. p. h Yaw-W’]

(a) 0.05exImat Ml I

00

–-:

–:
–10

–:
–lo

–:
–10

I I
~:g LI08J -_a &9 ~ La y: g CM&l –j: ~ o O.om o

I

0.03.5-o.0!0 0.049-0.M2 o.on -o.w
–.S76 .134 –: 6i8 . ~18 –. ax

.019 –. 240 ; ~1 ~:; –. 003 –. 189 -. m -.181 –, 043
.090 –. 4m .Wo –.@ .Ola –. 401 .010 –. 446 -. w

J=-l@ dE--lCP

a 310 -0.047 O.m –O. mo 0.%32 –a W9 am -0.101 –o. am
.059 –.010 .077 –. 022 .am –. 035

: ;;: __~ ~ 0:g -o. g o.WI -0.310
.116 –. 07$ –. a91

0:y4

-. l’m .018 –. 176
.107

-.064 –. 164 –. 019
-.676

–. lao –. 030 –. 631 .m -.818 .U3 ::819 .131 -.321 . ma

an-w a=.-w

ILg *XJ a% -~ ~ :% –: ~ a% -0.814 -a 6s4 0.314 -o. m2 az& .-aa U& -: g am
-. %7 –. w

.249 –: 275 .233 –. 256 .211
.221 –. &w .am

–. 219 .244 –. %3 –L l@2 .309 –L 074 .276 -L CC3S .am -L 106 .319

00
–x

o
-xl

-:
-lo

-!
-10

(b) 0.10C.had tab

a==r a==o”

–o. 128 : ;;; –a NM 0.118 -0.074 0.077 0.074 –_: O&
-.m

o. lM
–. 346 . 1?3 –. 316

–_ag
:~o -. m

0.136 -0.149
–. 149 –. 119

-.640 .196 –. 607 .171 -. m -. 42e -.021
-. m

–.416 –. ml -. a91 -.046

az-lm a~=-lo”

I

0.248 O.oal O.m am :%
-. m

-0.013 -am a ola -o. .m2 –o. W3
.017 .ma

-o. 24a
-. m

-a ml

–. m
.044 . –..534

:E –. 231 :% -.204 .024 –. 746
-. m4

.075 –. m :E –. 776 :%

a,-2iP 6==-.W

ama $% a= –_l ;; atria
.340

-0.181 +i& a 181 –_: g
.am

y ;:! ~~ 0:&u
-. la7 .197

.118 -. Es .Qm -.116 .116 -. m –. ‘am .197 –. 876 .lm -.976 .m

aB-2& a==-m”

a5m -a 243 f= -CL181 0.6M +&
.424

-o. Ma a2m
–. m

-aam
-.153 .410

0.lal -o. W 0.243

.197 –. m . Iu
–. am .m

-.147
–. w .W4

.192 -. m
–. m .2m

–LM2 .262 –L 013 .212 –L @32 .m



REDUCTION OF ETNGE MOMENTS OF AIEPLAl%O CONTROL SURFACES BY TABS

TABLE VIII-Contiiued

411

FORCE TESTS, TAIL SURFACE. ELEVATOR=0.40 TAIL AREA. REFLECTION PLANE IN PLACE-C+mtLnued

(0) 0210. insettab

dr -W -w –m

CN %, CN CA, CH CA, CN
“rc C.,’k dd c:, CA—— .

‘8
b=-r a=+

“_: -_a $& ~~ -aa 0:NO -_&2mJ a&9 –_a g : ;;; 0.113 -L 112 am -a 169 0.2s2 –a 212 am -0.246
–. m –. am –. 644 –. 171 –. a30 –. 174

-lo –: 7e9 .290 –: 726 . ml -: m
. 01s –. m

.221 –: 688 .lEa –. 371 –. 059 –. 80S –. 127 –. 3a3 –. 127 -. w –. 159

3==W aE-—16-

0 _; g 0:;: :I& 0:Lo 0.148 0.109 0.2i9 : o~ ~g -a@la -0.148 -0. K@ -a 165 –6. 102 -&B -0.118
–. m .118 . Ow

-:: –. 334 .171
.m –. 427 –. 040 –. 437 –. W9 –. 409 -. m

–: 348 .149 –. 333 .130 –. 238 .a37 –: 724 .0a4 –. m –. 028 –. 6% .032 –. 669 .013

a,-2& a=-–m

o \&& -_a ~ ~g ~;: o.. -aa y= -_a :g ~~ :;: ~g 0.0s2 -a 613 cLl&i -_a ~ am

-::
.110 –. 7m

.m –: w .044 –: w .006 –: m .690 –: m –: 914 . Ml –: w
.210

.113 –. 912 .176 –. m .219

a==3@ 3*.-W%

o alms -_a ~ 11~ -_a ~ :$ –_&g 0.613 -a 260 -U 6L3 am -a 641
.416

O.m 4484 CLg –_a g 0.244
.W3 –. 219 –. m .!M2 –. 769

-% .074 –: m
.181 –. no

–: 13s
.241

.212 –. 219 .109 .lm –. 216 –L N .2E-9 –. 973 . 17% –. 914 .Iza –L 035 .2ss

,
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TABLE IX

FORCE TESTS, TAIL SURFACE, RUDDER 0.60 TAIL AREA, 0.20cg INSET TAB

~.-1#8@. VekWg-Sl m p h. Yaw-Oq

I (a)RdmtiOnplanein pka

+,
I x=-w dE-W .

.

4410 -0. !B4 :2 -aa 0.21 -CL? :&o ~ se
–5 –. ml

0.111 0.011 CM& * Ol; -o. m

I

0.116 -a Ill 0:~ -0.210 0.m -a ;16 O:g -_y ;g
.123–. 217

. S13 –:7 :
. ml –. lx -. 0S1

:702 .243
-.132

–lo -.796 -. 6s6 . 16! –. 4s3 .Osi –: m .C.91 -. 3s2 –. 033 –. m –. 132 –;% z 146 -. Ma -, ]a2

I I JB-—lO”

(-b) Reflection pkie mmved

aE-w al-w

o ~g L123&~g LVIJ * ~9 0.243 -am 0:$ _& :J CL= –_a:; -0.001
. m –. m

am -0.101 :l& -_a y.1 0.210 -0.213
.018

0:~ -: g

-7; -. m .312 –: m
-. 0a5 -. m

.%S –: F&9 .!203 –. 405 . 16?3–: 349 .037 –: 4.9
.O.u –. K@

.061 –. W –. a37 –. 1E3 -:140 -. L94 -.167 -.139 -,163

I I 6=-lIY

Io 0. Ho CL12J –La~ y _~. R 101 0.243 0:O& CL% :g -0.3s4 :; –_a ; –a% –o. 143
–5 –. 074 .ria

-m 101 -0.123 -0.112 –o. 110-0.120
-. &d

-10 –. nil .lm –: 24a .Ha –.219
-. 34a –. 074 –. m -.076 -. 34a -.0$6

. lm –: E .063–. o13 –. m –. TM .176 -.670 .ms –. m –. ml -. 61S -.041 -.672 .(UU

I I


